contributor of added sugar intake to number 7 (from 11.9 to 4.4%); the Alternative Healthy Eating Index (AHEI) score increased by 5.4 (95% CI 2.9, 8.0); however, added sugar intake for 48% participants still exceeded the recommendation. Added sugar intake per meal among different meal type was similar (24.2-25.8%) at baseline. After the 1-year dietary counselling, breakfast became the major resource of added sugar intake (33.3%); the proportion of added sugar intake from snacks decreased from 25.8% (CI 23.1, 28.5%) to 20.9% (CI 19.6, 22.3%). Conclusion Although the consumption of added sugars in participants with MetS decreased after the 1-year AHA dietary counselling, added sugar intake from majority of participants still exceeds recommended limits. Actions of successful public health strategies that focus on reducing added sugar intake are needed.
beverages (SSB) and snacks are two important contributors [5] . Added sugar has been shown to raise blood glucose and insulin concentrations rapidly, which is associated with insulin resistance and MetS [6] . Therefore, changing dietary habits of individuals with MetS, by reducing their added sugar consumption, may help to alleviate MetS symptoms.
In the U.S., approximately 11.2-14.5% of total energy intake in adults and 13.1-14.5% in children are estimated to come from added sugars [7] . The Institute of Medicine reported that people whose diets are high in added sugars tend to have lower intakes of essential micronutrients such as magnesium (Mg), vitamins A and E, as foods with high amounts of added sugar tend to have lower levels of these micronutrients [8] . Added sugars contain no essential nutrients, and if a reduction in energy intake is desirable, reducing added sugar consumption is an obvious place to start [9] . Recommendations for added sugar consumption vary substantially. The U.S. Departments of Agriculture (USDA) 2015-2020 Dietary Guidelines propose that no more than 10% of total energy intake should be from added sugars [10] . Although added sugar consumption in the U.S. decreased from 16.8% of total energy intake in 1999-2004 to 14 .9% in 2005-2010, 71.4% of adults consumed 10% or more energy from added sugars [11] . The American Heart Association (AHA) dietary recommendations are designed to guide healthy diet and lifestyle behaviors of cardiometabolic patients, to prevent and treat MetS [12] . The 2009 AHA dietary recommends that American men and women limit added sugars to less than 150 and 100 calories per day, respectively [13] . Our previous research evaluating the AHA dietary counselling showed that it can assist in weight loss among individuals with MetS [14] ; however, it remains unclear that whether dietary counselling based on the AHA dietary guidelines is effective in decreasing added sugar consumption.
In this analysis, we investigated the effect of the AHA dietary counselling in reducing added sugar intake among individuals with MetS. We hypothesized that the AHA dietary counselling would decrease added sugar consumption. We also explored changes in added sugar in different meal types.
Methods

Participants and study design
Data for this investigation came from the "Can Do" study. Detailed study methodology is described elsewhere [15] . Briefly, the "Can Do" is a randomized controlled clinical trial of individuals with MetS recruited by the University of Massachusetts Medical School (UMMS) in May 2009, and completed in February 2013 (Clinical trial registration: NCT00911885). One hundred and nineteen subjects participated in a 1-year AHA dietary counselling was used for this investigation. The study protocol was approved by the Institutional Review Board (IRB) at UMMS.
Participants enrolled in the study met the following conditions: (1) satisfied the diagnostic criteria for MetS [16] ; (2) 21-70 years old; (3) body mass index 30-40 kg/m 2 and interested in losing weight; (4) non-smoker; (5) accessible by telephone; (6) able to speak, read, and write English and to provide informed consent; (7) approved by his/her primary care physician to participate.
Exclusion criteria included: (1) clinically diagnosed diabetes, or fasting blood sugar ≥120 mg/dL; (2) acute coronary event within the last 6 months; (3) elevated depression or suicidal ideation; (4) pregnant or lactating; (5) a woman with polycystic ovary syndrome; (6) eating disorder diagnosis; (7) currently participating in a weight loss program; (8) planned to move out of the area within the 1-year study period; (9) had bariatric surgery or (10) was following a low-carbohydrate, high-fat dietary regimen.
AHA dietary counselling
Participants were instructed to follow the AHA 2006 dietary guidelines [17] , which included: (1) consume vegetables and fruits; (2) eat whole-grain, high-fiber foods (≥30 g/day); (3) eat fish twice weekly; (4) consume lean animal and vegetable protein foods; (5) reduce sugary beverages; (6) minimize sugar intake; (7) minimize sodium intake; (8) no alcohol intake; (9) obtain 50-55% of energy intake from carbohydrate; (10) obtain 15-20% energy intake from protein; (11) obtain 30-35% energy intake from fat; (12) limit saturated fat to <7% of energy, trans fat to <1% of energy; (13) limit cholesterol to <300 mg/ day. Each participant attended 2 individual sessions and 12 group sessions during the 1-year counselling period [14] . Mean attendance was 7.9 sessions (SD = 3.9) out of 14 sessions. Dietary counselling was delivered by a registered dietitian with a master degree in nutrition. The study's Data Safety and Monitoring Board reviewed each adverse event and adverse events were reported to the UMMS IRB. No changes to the counselling protocols were required. Treatment fidelity was monitored by provider and auditor checklists. All sessions were audio-recorded, with a random selection of 10% of the sessions reviewed by an auditor.
Outcome measures
The Nutritional Data System for Research (NDS-R, 2010-2012, Minneapolis, MN) was used to assess participants' dietary intake. Three unannounced 24-h dietary recalls were collected at baseline, 6 and 12 months, and one 24-h recall 3 months after enrollment. The nutrient content of foods, including total energy, carbohydrates, proteins, total sugars, added sugars, and other nutrients, was determined by NDS-R, using food-composition data adapted from the USDA National Nutrient Database for Standard Reference [18] . Dietary quality was measured by the Alternative Healthy Eating Index (AHEI), an instrument designed to evaluate nine criteria of a healthy cardiovascular diet [19] . All individual component scores were summed for a total AHEI score ranging from 2.5 (worst) to 87.5 (best). The AHEI score was calculated the same as in our previous publications [14] .
Statistical analyses
All statistical analyses were performed using SAS 9.4 (SAS Institute, Cary, North Carolina). Values were presented as means [95% confidence interval (CI)] for continuous variables. Linear mixed models were used to evaluate effect of AHA dietary counselling on change in added sugars, adjusted for gender, age, education levels, income and working status. For analyses of change in added sugar intake and other selected dietary nutrient intake, time point was entered as a fixed effect, participant ID as a random effect. For analyses of meal location, independent variables included time point, meal type, gender, meal location and the interaction of time point and meal type. Meal time (weekday versus weekend) was also assessed, with independent variables including time point, meal type, gender, meal time and the interaction of time point, meal type and meal time. Additionally, analyses for added sugar (% of energy) were performed after adjusting for total energy intake.
Results
One hundred and nineteen subjects were included in the present investigation. The average age was 52.5 years old (95% CI 50.7, 54.3 years) and 71% were women, average body weight was 99.6 kg (CI, 97.1, 102.1 kg). Added sugar intake stratified by demographic characteristics is presented in Table 1 . At baseline, added sugar consumption was significantly higher among subjects who were younger than 40 y, unemployed, and whose household income was less than $30,000 per year (p = 0.013; p = 0.004; p < 0.001, respectively), but all of these differences were attenuated after the 1-year AHA dietary counselling (p > 0.05). A significant difference was observed between females [56.6 g/d, (95% CI 42.1, 71.1 g/day)] and males [34.7 g/d, (95% CI 25.9, 43.3 g/day)] (p = 0.012) after the 1-year counselling. Compared with baseline, added sugar intake was consistently reduced after the 1-year dietary counselling (p < 0.001) in all comparisons between baseline and the 1 year. Table 1 also presented added sugar intake as % of total energy, it showed that the 20-40-year age group and the group of household income less than $30,000 still consumed the higher added sugar (both p = 0.013). These differences were attenuated after the 1-year counselling (p > 0.05).
At baseline, mean total sugar intake was 98.8 g/day (CI 90.5, 107 g/day), mean added sugar intake was 62.9 g/day (CI 56.4, 69.5 g/day), average energy intake was 1958 kcal/ day (CI 1845, 2070 kcal/day) and added sugar intake as % of total energy was 11.9% (CI 10.8, 13.0%) ( Table 2) . For more details, see Table 2 . According to the 2015 USDA recommendations, 40.3% of participants met the standard of added sugar consumption at baseline, and 52.2% met it after the 1-year counselling (data not shown). At 3 months, mean change in added sugar intake was −21. Table 2 also presents the changes of several selected micronutrient intake; absolute intake including thiamin, Ca, Fe, Zn, niacin and riboflavin decreased significantly during the 1-year period, while vitamin B 12 , vitamin B 6 and Mg showed no significant differences at each follow-up time point (p > 0.05). Folate intake decreased by 49.2 µg/day (CI 5.5, 92.9 µg/day) at 6 months, which was attenuated at 12 months (p > 0.05). When self-reported energy intake was considered, energy-adjusted intake including vitamin B 6 , Ca, Mg, niacin and folate increased significantly during the 1-year period (p < 0.05); while energy-adjusted intake including Fe, Zn and riboflavin increased significantly at 3 months (p < 0.01), but was attenuated at 12 months (p > 0.05).
At baseline, the biggest contributors of added sugars were nonalcoholic beverages (11.9%), followed by sugar, syrup, preserves and jelly (10.3%) ( Table 3) . After the 1-year counselling, the contribution of added sugar from nonalcoholic beverages decreased to 4.4%; sugar, syrup, preserves and jelly (8.1%) was the largest contributor of added sugars; however, several food sources of added sugars, such as fruit juices, increased from 5 to 7.6%, Values are presented as means (95% CI). One gram of added sugars = 3.87 calories Differences between at baseline and 1 year, among different groups at the same time point were compared using LSMEANS of PROC MIXED model in SAS †Other includes work as a volunteer, homemaker, disabled, retired, unemployed and student 1 P values compared the differences between groups at the same time point and were determined from LSMEANS of PROC MIXED model in SAS 2 P values for time points were compared at baseline and 1 year and determined from mixed models fitting item, time points and interaction between them ready-to eat cereals increased from 4.6 to 6.7%, and yogurt increased from 2.7 to 6.2% (Table 3) . Table 4 shows added sugar consumption by meal type, location, and meal time. For meals consumed at home, added sugar intake from snacks decreased significantly after the 1-year counselling [from 15. We further analyzed the mean proportions of total added sugar intake from different meal types within a day (Fig. 1) . At baseline, the proportion of added sugar intake was similar among different meal types [from 24.2% (at lunch) to 25.8% (from snack)]. After the 1-year counselling, 33.3% of added sugar intake was consumed from breakfast, followed by 26.4% intake from dinner. Compared to baseline, added sugar intake from snack decreased by 5.7 g/day (Cl: 3.2, 8.2 g/day) (p < 0.001), from lunch decreased by 5.0 g/ day (CI 1.2, 8.8 g/day) (p < 0.05) (data not shown).
Discussion
At 1-year after the AHA dietary counselling, we found that added sugar consumption was moderately decreased Table 2 Changes in added sugar intake and other selected nutrients during the 1-year dietary counselling AHEI alternate healthy eating index; HbA1c hemoglobin A1c; values are presented as mean 95% Confidence intervals (95% CI)
Change at each time point from baseline of added sugar intake and other selected nutrients was estimated by linear mixed model adjusted for gender, age, education levels, income and working status using PROC MIXED in SAS Added sugars as a percentage of total calorie intake was computed as = (grams of added sugars × 3.87/total energy intake) × 100% *,**, ***P value compared with baseline and 1 year *p < 0.05, **p < 0.01, ***p < 0.001 from baseline, dietary quality score was significantly improved; however, added sugar intake for 48% participants still exceeded the dietary recommendation at 1-year. The reasons would be twofold: dietary adherence is always a challenge for participants and is well documented [20] ; it might be some other factors beyond the consumer self-control patterns, such as food labeling, government and food manufacturing also affect the added sugar intake. Therefore, more effective counselling interventions directed toward added sugars should be developed. Although the total energy intake was measured in our study, self-report-based estimates of energy intake offer inaccurate basis for scientific conclusions [21, 22] ; therefore, both absolute and % of total energy intake of selected parameters were presented in this study. The decrease in added sugar consumption over the study period was observed across all age, gender, education level, income and currently working groups. Whether or not the total energy intake was considered, added sugar consumption appeared to be the higher among the lowest household income group, which is consistent with prior observations that diets higher in added sugars were associated with lower cost [7] . Prior observations found that added sugar decreased linearly with age [23] . Our results also indicated that participants in the younger age group consumed more energy from added sugars than in older age groups at baseline. Encouragingly, this difference was attenuated after the 1-year counselling, which indicated that it was easier for young people to change their dietary habits than old people. As people age, they not Table 4 Added sugar intake by meal type, weekday and location at baseline and 1 year All values are means (95% CI). Added sugar intakes per meal and added sugars as a percentage of total energy by meal were estimated by LSMEANS of PROC MIXED model in SAS. One gram of added sugars = 3.87 calories n:
The average number of times during the three 24 h given at the study point that participants ate the corresponding meal at the given location/day "At home"----meals were eaten at home; "Away from home"----meals were eaten at work, school, friend's home, party, or reception; "Restaurant/fast food"----meals were eaten at a restaurant, cafeteria, fast food chains, take-out, or store 1 P < 0.05 and P values compared differences between baseline and 1 year 2 P < 0.05 and P values compared differences to breakfast at 1 year Added sugar intake (g/day) only undergo physiological changes, but they also bring with them food behaviors that have evolved from the social, cultural, economic, and environmental history of their lifetime experiences [24] . Many studies have reported a relationship between added sugar overconsumption and low vital nutrient consumption in daily diet [25, 26] . In 2015, a systematic review indicated that in energy-adjusted analyses, micronutrient intake including thiamin, riboflavin, niacin, folate, Ca, Fe, Zn, and vitamins A, B 6 , and B 12 , were negatively associated with added sugar intake [27] . In the present study, the contribution of each micronutrient was taken into consideration. The absolute intake of several selected micronutrients decreased over the 1-year intervention which might be the result of reduced total energy intake since daily micronutrient density (per 1000 kcal) including vitamin B 6 , Ca, Zn, niacin and folate increased significantly. In our study, added sugars from all sources accounted for approximately 11.9% of total energy intake on average at baseline, which was lower than the 14.1% observed in prior research [7] . At baseline, participants consumed most added sugars from snacks. During the counselling, they were encouraged to choose fruit, vegetables, nuts and beans as snacks, which contributed to the proportions of added sugar intake from snacks decreasing by more than 5% among a daily meal types. Moreover, AHEI score increased significantly after the 1-year counselling. These findings provide evidence that the AHA dietary counselling is an effective strategy in reducing added sugar consumption by optimizing dietary structure among individuals with MetS.
In addition, mean weight loss was 2.7 kg during the 1-year period, which was not consistent with the decrease of 466 kcal/day self-reported energy. One reason might be that the physical activity among the participants was slightly decreased during the intervention (mean during of total physical activity: 217 min/week at baseline versus 193 min/week at 1 year); the other reason was that there might be some other "replacement" of added sugar. Therefore, we further investigated primary food sources of added sugars. In our study, nonalcoholic beverages dropped from the leading contributor of added sugar intake to number 7 after the 1-year counselling; however, added sugar intake from fruit juices, cereal and yogurt increased among all primary food sources of added sugars, which indicated that participants consumed more discretionary foods that contained high added sugar in parallel with the decreasing intake of nonalcoholic beverages intake [28] . This finding also suggests that it is imperative to assess beverage consumption in the context of overall dietary behavior rather than in isolation.
The dietary counselling did not appear to reduce added sugar intake during restaurant eating. Various factors, such as longer dining time, socializing, and palatable foods with greater variety may contribute to excess energy and added sugar intake when eating in restaurants [29] . The USDA 2015 Dietary Guidelines recommend that when eating in restaurants, one should eat half portions or less of most meals, skip appetizers and desserts, ask not to receive the bread or chips, order low-or no-calorie beverages, and order vegetables instead of rice, potatoes or pasta as a side dish [30] . To achieve meaningful added sugar reductions and to help consumers improve their diet choices, public health strategies targeted toward the nutrition environment coupled with self-monitoring of diet should be encouraged [30] .
Our study has several important strengths. First, we reported added sugar consumption and assessed the effect of the commonly utilized and respected AHA dietary counselling among MetS participants. Long-term management of MetS including a healthy dietary pattern plays an important role in improving quality-of-life outcomes [31] . Second, information from three 24-h dietary recalls offers precise detail on individual dietary intake [32] . Third, detailed demographic variables were considered in assessing the effectiveness of the 1-year AHA dietary counselling.
Our study also has several limitations. First, it was based on 24-h dietary recalls, which is subject to recall bias. A more objective measure such as urinary sucrose and fructose in a 24-h urine sample may be a promising biomarker for sugars intake should be considered in the subsequent study. Second, intake of added sugars in food was calculated rather than measured, which may have resulted in under-or overestimation. Third, we have adjusted for all known covariates, but it is possible that some residual confounding covariates may remain especially in a secondary analysis. Fourth, although the potential influence of energy density was taken into account when calculating Fig. 1 Proportions of added sugar intake by meal types the micronutrient intake, the results may not be accurate because self-report-based estimates of energy intake offer inaccurate basis for scientific conclusions [21, 22] . Fifth, there was no control group in our study, which limited the interpretation of the results. Finally, the AHA dietary counselling has emphasized the goal of added sugar intake is less than 150 and 100 calories per day, but few people met this threshold, indicating that a more effective counselling that focuses on added sugar should be considered in future studies.
In conclusion, at 1-year after the AHA dietary counselling, the consumption of added sugars decreased among participants with MetS. The biggest decrease was in the consumption of nonalcoholic beverages and snacks, which may reflect some success of consumers' behavior to limit sugar-sweetened beverage and sweet snacks. High consumption of added sugars after 1-year AHA dietary counseling highlights the need to identify and build on successful public health strategies to further reduce added sugar intake, any single recommendation may have gotten insufficient attention.
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